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APPENDIX H

Sample Problems.

CONTENTS

Example i - Node Plots

input H-6

output H-7

plots H-23

Example 2 - Form Factors - use of RSO Tape

input H-28

output H-29

Example 3 - Grey Body Radiation Conductors and use of RSI Tape

input H-49

output }{-50

Example 4 - Orbit2/Orlent and Orbit Plots

input H-72

output H-73

plots H-IO0

Example 5 - DICAL/AQCAL/QOCAL

input H-I05

output H-I06

Sample Case I - NPLOT/SFCAL/FFCAL/GBCAL/RKCAL Executions.

Original (non-restart) run.

input H-137

output H_153

plots H-189

Sample Case 2 - SFCAL/FFCAL/GBCAL/RCCAI/ORBGEN/OPLOT/PLOT

Executions. (Restart from Sample I, with source editing.)

input H-195

output H-213

plots H-296

Sample Case 3 - NPLOT/FFCAL/GBCAL/RKCAL/OR_GEN

input H-299

output H-318

Sample Case 4 - FFCAL/GBCAL/RCCAL Executions. Shows use of

MESS and ERN nodes and multi-configuration operations. (Restart_
with source editing.)

input H-320

output H-392

Sample Case 5 - FFCAL/RBCAL/GBCAL/RCCAL/ORBGEN/DRCAL/AOCAL/OOCAL

Executions. Shows specular-diffuse radiation model results.

Restart from a previous Case 5 run with a logic error in

operation data. (No source editing.)

input H-423

output H-441

Sample Case 6 - Comparison of FFCAL and NFCAL form factor results.

input H-509

output H-524





Since this is the example section, it is assumed that you have als-

looked over the TRASYS User's Manual and are somewhat confused. Take

heart--there is really no reason for this. The TRASYS manual is long

and confusing because TRASYS is a program with many options that have
to be documented. The most basic TRASYS deck is simple, so we wi[[

look at it first. There will be later opportunities to amplify and

explain the more complex features.

The most basic TRASYS deck consists of 4 sections: Optio_ts Data,

Surface Data, Block Coordinate System (BCS) Data, and Operations Da_a.
The deck always begins with the Options Data section. As a minimum, it

consists of a header card, title card, and mode[ n_me (see Table I).

Table I Options Data Block

HEADER OPTIONS DATA

TITLE EXAMPLE I

MODEL = CUBES

When you start using restart tapes, you will need more information from

the Options section. Surface data and BCS data are related. Groups of

surfaces make up a BCS. BCS data defines one BCS with respect to a

central coordinate system (CCS), and by extension, with respect to

other BCSs. For example, suppose we have defined surfaces that

describe a cube and we call this BCS CUBEI. To this we add a second

cube of different size, called BCS CUBE2. If we used the convenient

one-point method of input for these cubes, we would have one cube

inside the other sharing a common corner (see Figure I). While this

may be the desired configuration, we might want CUBE2 on top of CUBE1.

This is accomplished using BCS data (shown in Table 2) to move CUBE2

with respect to CUBEI, resulting in Figure 2.
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Table 2 Surface Data and BCS Blocks

HEADER OPTIONS DATA

TITLE EXAMPLE 1
HODEL = CUBES

C
HEADER SURFACE DATA
BCS CUBE1

S SURFN
TYPE
ACTIVE

PROP
P1

C

BCS CUBE2
S SURFN

TYPE
ACTIVE
PROP
P1

C
8CS DATA

=100
=BOX6

=OUT

=1. ,1.

=1. ,1. ,1.

=200

=BOX6
=OUT

=1.,1.
=2.,2.,2.

BCS CUBE1

BCS CUBE2,0.,O.,1.,0.,O.,0

NOTE: Card BCS CUBEI is equivalent Co 8CS CUBEI,O.,O.,O.,O.,0.,O.

Surface data, as the name implies, is a method to describe an object
using the variety of shapes provided by TRASYS as building blocks. Do
not become confused by all the different coordinate systems. The first

_hing to do is to visualize the object you are trying to model. If it
is a very simple object, or one that will not have parts that could
possibly move with respect to one another, you may need only one BCS;

however, you will probably need more. If you were building a model of
a satellite in the shuttle bay, you would need at least two; one for
the satellite and one for the shuttle. Thus, you could easily move the
satellite around the bay as the plans change.

Once you have decided which blocks or groups of surfaces will make up
your model, you must start to build the blocks. Each block is made up
of surfaces, all input with the respect to the same origin. Each

surface requires a certain amount of information to be useful. The
first card required to define a surface is an S-card, which tells the

program to start a new surface and give it a number. Then you must

define what type of surface it is (disc, box, etc.); which side is

thermally "active"; and its radiation properties (u,c,p,z). Next, you
must give it a size using one of the input methods of the surface data

section and then you indicate how many nodes are on the surface. Table

3 shows an example using the "Surface Coordinate System" input option.
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Table 3 Surface Coordinate System Input

SURFIq =100

TYPE =DISK
ACTIVE =BOTTOM
PROP -0 . I0,0.80

Z =0. 1

aNN =0.
RMAX "0.75 S IZE

AXMI_/ =0.
=360.

h_AZ =2 _ NUMBER OF NOnlm_
NNR =2 !

are s member of s surface inputs tblz_ wilt place this surfs,:-
into ice proper position rich respect co.Che_other surfaces in Lts
block. These are TX, TY, and TZ, which p_ translation in the X_,
Y, or Z direction; and ROTX, ROTY, and [_which will rotate, the

surface with respect to the BCS origins, _ same &-node disc could: be

input using the "Point Method" as sho_m_ _ Table 4.

Table 4 Point Method Surface Input

SURFN =I00

TYPE =DISC
ACTIVE _qOTTOM

PROP =0.1,0.8
Pl =0.,0.,0.
P2 =0.75,0.,0.
P3 =0.,.75,0.

P4 =0.,.75,0.
NNAX =2
NNR =2

The surface coordinate system (SOS) meChmki_ usually preferable for

surfaces of revolution. For flaC aug, especially located aC a
skewed angle co the coord].nace axe.s, C_e_m_ method is easier.

Many more features and options are av_: for inpuccins surface
data. These include: ability Co easil_:d_£_caCe or image surfaces and
blocks of surfaces; unequal node breekdmm_:snd intermediate coordinate
systems (seldom used). After practic_w_4=h inputting basic surfaces,
the explanations of the various fescurmi_.seccion 3.3.3 will become
clear.

Once all the blocks are built,, the ne_Ca4_e_ is. _build a node plot.
First, fill in the BCS data block. F_n.B_Sin your model mule be
named in Chis block. AC this rime you_ms_,_so introduce information

that will move one SOS with respecC Co: Che-ochers.

0
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The BCS data block does not directly define the location of the blocks

with respect to each other, but defines each BCS in relation to the
CCS. There is only one CCS. Thus, even if there is only one BCS, it

must appear in the BCS data block. A minimum BCS data block is sh,,w,

i.n Table 5.

Table 5 Minimum BCS Data Block

HEtJ)&R BCS DATA

BCS BCSNAH

This defines BCS, named BCSNAM, with zero translations and rotations

relative to the CCS.

A more general BCS data block is shown in Table 6.

Table 6 General BCS Data Block

HEADER BCS DATA

BCS CUBE1

BCS CUBE2,0.,O.,1.,O.,O.,O.

This is the two-piece BCS data block from Example 1.

We are now ready for operations data. The first operations block

(Table 7) will only plot the model to allow you to see your errors

before they become expensive.

Table 7 Operations Block for Node Plot

HEADER OPERATIONS DATA

BUILD CUBES,CUBE1,CUBE2

CALL NDATAS (0,O,0,3HYES,o)

L NPLOT

END OF DATA

All operations data blocks have a build card that builds your model.

First, you give a model name (CUBES) and then you list all the BCS

names that you want to use (CUBE1, CUBE2 previously). Zf you only want

to plot one BCS block, you would list only one in the build card. The
card (shown in Table 7) will build blocks CUBEI and CUBE2 for

plotting. The call to _IDATAS will put arrows on the active side of all

nodes. Appendix O lists the subroutines and their default values. The

use of zeros in Table 7 produces the default values in those

positions. [f all the defaults were used (i.e., if 3HYES had been

zero), then the call to NDATAS would have been unnecessary and only the
L NPLOT card would have been used. Cards like L NPLOT are for

executing links. The various program links are discussed in Appendix
E. These links do the actual work while the subroutines calls set them

up with the necessary advance information.
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Once all of the surfaces are plotted and they are correct, you

are ready to get some answers. This is the point whereyour runs

can become very costly. This is also why you now want to expand

your options data and start saving your restart tapes: RSO and

RTO. Through these restart tapes, your program can progress

step-by-step without having to recalculate previous steps or

even partial steps. The use of edit decks used with restart

tapes, will be addressed later.

With the options data shown in Table 8, the remainder of your

deck should remain the same except for operations data.

Table 8 Expanded Operations Data Block

HEADER OPTIONS DATA

TITLE EXAMPLE 2

MODEL = DISKS

RSO=RESDISK

In almost all radiation problems, you must first find the form

factors. Although there are some special application routines,
the main form factor routines are FFDATA - FFCAL and NFDATA -

NFFCAL. The difference between these two routines are speed/

cost and accuracy. FFCAL is faster, but NFFCAL is more accurate.

For the vast majority of applications, FFCAL will be sufficient.

We now remove everything but the build card from our evolving

operations data block because no more node plots are needed.

Next, check the call to FFDATA, or NFDATA (Appendix D or

section 4) and see if the defaults are acceptable. If not, the

• call is used as shown in Table 9. If so, the call is omitted
as in Table I0.

Table 9 Call FFDATA

HEADER OPERATIONS DATA

BUILD SAMPLE,CUBEI,CUBE2

CALL FFDATA (0,0,0,0,0,2HNO,0,0)

L FFCAL

END OF DATA

Table I0 Form Factor Operations Data Block

HEADER OPERATIONS DATA

BUILD SAMPLE,CUBEI,CUBE2
L FFCAL

END OF DATA

H-27



N

_3

_4

ZbC
_cn

c_C

H-28



_J

W-

U_
_-_

0

Z

_Z

_Z_

Z

U

'_65
U

6)

U
Z

>.

O_

>

Z

0

U

w _0 00_

um O_Z
_0 _

0

0

--Z

H-29



.J

m

..J

Z

,1(

W

0
..J
0

Z

t.-

Z
0 0

tit

4
Z _

m

Z _

0

4

_ Z_m

_ N

• 0.,1

.J

0ii .
tt-30

I



©

Z
0

0
7

Z
p-

5:

.J

Z

z
0

•

x

'T"
t--

'V

0 n,

0

Z
0

0 _u.
r_Z

m

w w_

Z

w

0

0

0

b_

J
M

Z

0

0 Z

, _
Q

Z

i,,-

_ +
÷

4-
÷

H-31





©

m" .-J

c_

0. (:3
tlJ

0
.J
Q

Z

Z
0

w

- 7,
_ Un

Z _

i r'-
i

z gI'--
U6 ff_

n'

ffi _
I-

<1
Z ¢_ q"

z _' ®
0 a. _.0

0
,_ o')
n,

• m

_ o3

I,-

; r,

0 _

w 0

e_ U

H-33



• @BmwmwmDmNI Jmmmme|gm_l_D

--Z > Zx _Z > ZX

_._o _
_ _ _ ..............................

_-3_



©

©

/

..J

_Z
-0 _ Z

O

< OU _ ZZZZZ

H-35



• qr

Z

f.,

(,4

=

m

z -J "G. tO
=E

X

j

A aO
w r _ _1Z

_ 0

,8[ 03 _-

lg O 0

g g _,
D q 0

.qrlt •

_o z

-,- ?

iiil

+

t
0

A

v

U
0
.J

b-

0

tn

161
G.
0

*H-36



0
.J

Z

w

0

0 O_O0_h
Z _ _

Z
0

r-

i f-
i

.-. _ _ m

m •

_ _ _ _ .

_ Z

0 _Z Z

H-37



D

J

Z

'

Z

_ m

E =

= _ _ - a_888 8 8 8

z "'':'::_
'':_..o

• Z _ ._ • -0

0 O ._ . ._ _

• _ ._ _ _ •
._Z

_0 w w w O

_-38



0

Z
0

O_

>

0
Z

i
0

Z
P

,q_O,_O--O_O0000--O0

O_ _ 0 aO

i
Z
).

,,1[
,,1,,

W,-

)-

00
0 U
W . i_. 0

0 X_ _

0 0
Z Z
0 0
U U
LM

O3

0 0

0 O

0 0 0 Q

_00000000000000 _ _ _

= _ooo _o o®oo
0 _ , 0 0 0000 -- _ 0

Z O_ ZZ _ _m_Z _ 0 0

0 Z _'_ _0 _ _ _ _

Z

H-39

$.-
Z

LM

¢3

¢X
¢% 0
0 U.

m 0

(0

0

i

-= R
3:

Z
Z w

Z '"

I1.



_n

,_ tz

>. _..

9[ u.i

_ntn

N>-C3

_rz
r/

,(

Z

--Z
n_

>.

yr,(

U
Z

..J

<[

_r

t_

-r

t.- ZZ_



Q.

Z
C

v'.
r,

U_

C3
Z

i

Z
I-

ul

rv ÷
I-- + +

_r <- ,q ÷
t_ + rv +
_-- + 0 +
t/1 + _- 4.

>. + ul -_
i/I + 4-

_1 + C) ++ 0 +

+
Z _ +
<[ + t/1 +

r,, +

0 " + 0 +
_., • + ]m +

_- _ + +
:K + ..J +

0 ÷ _" ÷
4 (..) +

rv -_ 0 +

-_ : 8 :

IZ

+

** 5 :
÷ 0 +

: "1 ÷
I +

6 I.. :÷ _, ÷+
+ _ +

t_ + l.- +
,,- < + Z +

+

+
q- U_O + 0 +

Ul + tn +

; ,z ÷ :
I.- u.l- + ,_ +

Z< + 0 +
• Or,, + ÷

r_ (j_,_ + V_ +
G. ÷ Z +

v) O + 0 +

_. v) Z + "_ +
0 _ + r_ +
e_ r_Ul + .-- +

II t/I • I:L

tU(J *
+

H-41



q&

m

0
Z

Z
l,-
&l,,

tt--_ 2



C

t')

,4
t-.

ul

Iv

:E
w

>.

A

O_-°Z 0

z_ .

ZZZ_

= _
0
-- Z

, _
o _Z

i

Z Z

_ _ 0

0
U Z _ _

_ _,

Z 0 U O_

w _ ZOX • OZ_ ,

0

, _

_ _Z _ _
_0

0( 0 Zw Z

Z

-- O_ _ _ _

m m_ O
0 _0 _ _

m mX > +

O X_

u_
Z
D

{3

H-43



Z
0
m

0
Z

Z

Z

J

Z
q(

z
0 o.

N _J

0
4

J
,(

a[

0_

N M 4.,i m

ZU

"7

o ,,o .; _
0 ,-,U

a

It-4_



N _0

tla P
Z

Z

U

I

Z -0

_Z _

_ _Z 0

_ -_ _
• _ _ _ _ ,_

_ UUZ

• _ _0_uuZ_ Z

-- _ _Z_

_ o_

_ Z o _

I

8

u

O.
U

0
r_

m

0

3

H-45



I,O

G.

Z
0
m

taJ

I
v7
0
Z

Z

t_

tn

,q[

t--

I-"

ul

be)
>-
.,J
,(
Z
,(

z

£1

X

m

U_X
Z

_,.J

--0

• _g
_ U

lID _n,
0 lgO

,n 04

.J

,4
0 Z_-

U'J

0
Z

,

0

O[

U

g g

_ u

. _ ;

Z _

1t--46



O

To enable the use of edit decks, while still expanding the operations

block, we will assume that the first run after the node plots ended

with form factors and, as in Example 2, you save your RSO tape. The

RSO tape will contain your input deck as well as the result of the form

factor calculations.

Before we go into the details of the edit deck, we will examine the

output from Example 2. On page 3 of Example 2 there is a list of tape

names as defined by the options data card ESO-KXXXXX. To the left i_ n

rood label. This label changes as sucessive RSI and RSO tape_ ar,"

used. In the rest of the output, you will see an AA running down the

right side; if you edit in new lines, they will be followed by the

appropriate label. This enables you to tell at what stage different

changes were made. If you look at the operations data of Example 3,

you will see some AB labels as an example of this change.

The tape names listed are those defined in the options data. This page

keeps a running list of the names of those tapes and to which mod they

belong. While the actual permanent files or tapes do not have the same

names, it will help you find them if they do. The output of later

examples will show how this llst grows. On page 5 of Example 2 is the

start of surface data. On the left is the word "input". This means it

is a new line to the program. If the lines were read from a tape, the

tape name (RSl) would be listed instead. This change can also be seen

in Example 3.

Under the column Edit No. is a list of line numbers. These are the

numbers you use for editing with an edit deck. In a run that uses

editing, or just a restart, the program lists the new line numbers

under Edit No. and the line number in the previous mod under Old Edit

No.

The edit deck consists of 2 sections; options data and edit data. The

options block is the same as before, but slightly larger as shown in
Table II.

Table ll Edit Deck Options Data Block

HEADER OPTIONS DATA

TITLE Example 3
MODEL=Disks

RSO=PFN2

RSI=PFNI

Make sure that the model name remains the same or TRASYS will think you

are editing the wrong file and abort. The new line is RSI, restart

input. For this run, the new input is your old output (RSO). You will

also make a new RSO tape with the old results plus any new results on

it.

The next section is the edit data. For a simple restart with no

editing, this section is not needed. To edit, the commands given in
section 3.2 are used. These commands allow the deletion or the

insertion of lines as well as a number of other less-used options. At
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prese_, weonly want to insert someliaes _f_er FFCALi11Example

(see Table 12).

Table 12 Edit Deck Edit Data BLock

HEADE_ EDIT DATA

*I, 36

CALL GBDATA (BOTH, O, FF)

L GBCAL

CALL REDATA (_.O,O,IOOO0,SHSPACE,9_,O.O.O,O)

L RKCAL

To execute this edi£ deck, you must attack R$I as a local file. Not_r

that the edit deck follows the JCL cards _ same way the input deck

did on the previous runs. Be sure to s&_ your radiation conductors

(RADK$) on the punch file, as these w_11 be a part of your HITAS input.

This is the purpose of the DEFINE,PUNCH'BT_¥tTN in the JCL cards.
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O

At this point, you have finished one class of thermal radiation

problem, the type where the radiating surfaces form a "complete"

enclosure and there is no radiation input from th_ environment. The

only TRASYS output required for this class of problem is the RADKS,

which allow MITAS to allow for infrared radiation interchange in th,_

calculation of temperatures.

Assuming the problem requires that the radiation environment be

accounted for (e.g., the object is the exterior of an orbiting

_pacecraft), it is necessary to proceed with the calculation of the

incident and absorbed environmental he_t rates.

The process begins with defining the location o_ radiant heat souI'ces

"seen" by the object. Several subroutines arc available for this (see

section 4.2). These routines either define the objects orbit arou,d :J

planet (ORBIT1, ORBIT2, ORIENT, DIDT2) or its location and orieutatio,_

on a planets surface (SURFP, DIDT3).

The various calls give the user the option of locating the spacecraft

with either classical orbit parameters or a m4,,lified sun-referenced set

of orbit parameters. The choice is up to the user and the problem, but

in general, the sun-referenced calls are shorter and easier to use (see

ORBIT2).

While ORBITt or ORBIT2 defines the orbit, ORIENT, DIDT2, or DIDT2S

define the spatial relationship between the spacecraft, sun, and

planet. The difference between ORIENT and DIDT2 is that ORIENT

describes an orientation for an entire orbit (e.g., nose always to the

sun), whereas the DIDT2 describes an orientation at just one point.

Before fluxes are calculated, obtain a plot of the spacecraft in orbit,

to make sure of its orientation. To do this, edit in the appropriate

orbit and orient cards, as well as calls to ODATA (or ODATAS) and L

OPLOT.
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The ow_ 7 remainin8 operations Co provide t_TAS _lsp.L ar_. the sbsorh,,d.,
heaC clrlculaC_ons. Fluxes for an entire or_ are eu_y calc_t_mt_
with a_ ORBGEH card, which will be seen LmCef4 T_, ca_e_Iate flY.elf:at-

just 0he point, five cards are edited in _r_r _ the orlen_ card (see
Table '|2).

Table 12 O_enC Card
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At th._ point, the most basic parts of T_J_ t_ave bee_ eovered-
Readins this is a good start, but _s no sO__te _ _tuaLL3r t_1_F_g
the p_gram. Make up a sLmple problem, oi'- _'aa one _e _: boo_ MI"_ t_

Now we will look at a more complex serle_ _ cases and use features not

_en_ioned before.
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SAt",F_..ECASE I - NPLOT/SFCAL/FFCAL/C, BCAL/RKCAL ORIGINAL RUN

i

s"

X

VIEW = 3-D

SCAEE = 1.238_

VIEW NUMBER = !
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The first new feature in Case I is the use of imaging. TRASYS provides

a number of imaging or duplication techniques to si,,plify surface

input. The "type of images used in Case 1 is where an entire block is

imaged in a reference plane. On a smaller scale, this can be done on a

single surface within a BCS block. Alternately, single surface or

blocks can be duplicated and moved to their proper locations with

position cards or BCS data. The use of these options, especially in

situations where symetry is important, can greatly reduce the required

input.

The next new feature is the form factor data block, which is required

when:.

I) The user wants to bypass (with or without an RSI tape) the

computations of some form factor area (FA) products (or data that

is stored on the RSI tape), and instead use hand input data values,

or selected values from a previous run that the user has determined

to be applicable.

2) The user wants to override some of the data values on the RSI tape

and have the program recompute new values, perhaps because of a

need to specify a tighter form factor accuracy criteria in

subroutines FFDATA or NFDATAo

3) The user wants to selectively compute only a portion of all the

form factors in a problem. The form factor data block allows the

entire form factor matrix to be Set to zero, except for individual

form factors computed by direction from the form factor data block.

The next new data block (correspondence data) is first used in Case 2.

It is implemented in the call to RKDATA. Correspondence data is a

method by which two or more nodes can be combined into one node. This

may be done in two different ways. In Case 2, the form factors for

each node are calculated, but the absorbed heats and radiation

conductors are combined for the nodes listed as combined in

correspondence data. Alternately, if a call to CMDATA and CMCAL

appeared after L FFCAL, the nodes would have been combined at the form

factors stage and remained so throughout the problem. A more complete

discussion of the possible con_nquences of using this option is found

in section 3.3.8.

One new call in the operations data block is L SFCAL. This call is

used when it is possible to save computation time at the expense of

accuracy in direct flux calculations. This is possible when the same

configuration is to be run for several different orbits. In this case,

the time spent in SFCAL to compute and store the shadow factors will be

made up later. When only one orbit or less will be considered, the use

of SFCAL is generally not justified. Another point to consider is that

circular orbits run faster than elliptical orbits and do not easily

justify SFCAL.
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MESS and ERN nodes result from a relatively advanced thermal analysis

technique wherein some inaccuracy is accepted to greatly reduce the

computer costs involved in calculating temperatures within complete

enclosures consisting of a large number of nodes. A general statement

is--the lower the emissivity of the nodes involved, the more inaccuracy

will be encountered. Even one relatively large low emissivity node can

seriously compromise temperature results when using the ERN technique.

Both techniques; however, are quite valuable when used with their

limitations in mind. See Appendix F and section 5.6.1 for more

information and theory on these techniques.
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